Extending Lactation Records in Progress to 305-Day Equivalent by Keown, J. F. & Van Vleck, L. Dale
University of Nebraska - Lincoln 
DigitalCommons@University of Nebraska - Lincoln 
Faculty Papers and Publications in Animal 
Science Animal Science Department 
July 1972 
Extending Lactation Records in Progress to 305-Day Equivalent 
J. F. Keown 
Cornell University, jkeown1@unl.edu 
L. Dale Van Vleck 
University of Nebraska-Lincoln, dvan-vleck1@unl.edu 
Follow this and additional works at: https://digitalcommons.unl.edu/animalscifacpub 
 Part of the Animal Sciences Commons 
Keown, J. F. and Van Vleck, L. Dale, "Extending Lactation Records in Progress to 305-Day Equivalent" 
(1972). Faculty Papers and Publications in Animal Science. 440. 
https://digitalcommons.unl.edu/animalscifacpub/440 
This Article is brought to you for free and open access by the Animal Science Department at 
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Faculty Papers and 
Publications in Animal Science by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln. 
Extending Lactation Records in Progress to 305-Day Equivalent 
J. F. KEOWN' and L D. VAN VLECK 
Department of Animal Science 
Cornell University, Ithaca, New York 14850 
Abstract 
The data consisted of 204,558 com- 
plete Holstein lactations in 2,100 herds 
compiled by the New York Dairy Records 
Processing Laboratory from 1959 to 1969 
All lactation records had to have a 9th 
or 10th test day to be complete. The 
generalized least squares analysis used 
a model including mean, herd-year, and 
season-age-stage as fixed effects. The er- 
ror term included random effects of con, 
and residual variation. Means for speci- 
fied stages of lactation for milk and fat 
were estimated for lactations 1, 2, 3, and 
4 or greater which were grouped by age 
of freshening, two age groups for the 
first three lactations and cne for fourth 
and later lactations. 
Extension factors differed from current 
United States Department of Agriculture 
factors. The new factors emphasize the 
need to consider lactation nmnber, sea- 
son, and age at freshening in extending 
lactation records in progress. Extension 
factors differ for each lactation, especially 
between the first two and later lactations. 
To consider season of freshening is im- 
portant for early stages of lactation. Age 
is important for factors for e~lv stages 
of lactation but less so as leng~ of lac- 
tation increases. Differences due to age 
also become less important as lactation 
number increases. Factors for third and 
later lactations are only slightly affected 
by age of cow. 
Introduction 
Reasons are several for extending records 
in progress to 305 days. The most important 
is to incorporate as many daughters as possi- 
ble into evaluation of a sire. Presently, a sub- 
stantial number of records on a bull are elimi- 
nated from sire evaluation procedures because 
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1 Present address: United States Department of 
Agriculture, Agricultural Research Service, Animal 
Physiology and Genetics Institute, Animal Im-
provement Programs LaboratoD- , Beltsville, Mary- 
land 20705. 
only completed records for a given season are 
included. The second advantage of extended 
records is the early detection of high produc- 
ing cows for planned matings. 
Many workers (1, 2, 4, 5, 12, 13, 14) 
have developed factors for extending records 
in progress to complete 305-day lactation 
yield. From these reports extension factors can 
aid more rapid evaluation of sires and identifi- 
cation of the best dams for breeding to top 
artificial insemination (AI) sires in planned 
matings. 
Extension factors currently in use by USDA 
were estimated by McDaniel et al. (5) from 
a combination of data compiled by USDA, 
Michigan, and Iowa State Processing Centers. 
These factors are also a combination of fac- 
tors derived by McGilliard (6, 7). Two age 
groups were used, and separate factors were 
developed for cows less than 36 mo old and for 
cows greater than or equal to 36 mo of age. 
The USDA report states that projection 
factors vary substantially between breeds and 
age groups and that different factors are 
needed for milk and fat. The rationale for only 
two age groups was based on findings by 
Lamb and McGilliard (4) and McDaniel et 
al. (5) that major differences from age lie 
between cows less than 36 mo of age and 
those greater than 36 mo of age. Season of 
calving was ignored for USDA factors. Other 
workers (11, 13) developing factors for ex- 
tending part lactation records found age, sea- 
son, and month of lactation were important 
sources of variation to e~nsider in developing 
extension factors. 
Materials and Methods 
The data consisted of 204,558 complete 
Holstein lactations compiled by the Dairy 
Records Processing Laboratory at Cornell Uni- 
versity including over 2,100 herds in New 
York state from 1959 to 1969. Each individual 
record consisted of 9 or 10 monthly test day 
milk weights and corresponding fat per- 
centages for each test day. Records without a 
9th or 10th test day were deleted because they 
do not provide a satisfactory basis for estima- 
tion of production at the end of the lactation. 
The model describing individual observa- 
tions for a specified lactation was: 
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TABLE 1. Number of complete lactation records 
and overall daily milk and fat means for estimat- 
ing extension factors by lactation. 
Number 
of 
Lactation records Milk Fat 
- - (kg) - -  
1 60,311 17.3 .64 
2 42,528 19.8 .73 
3 45,549 21.5 .80 
4 56,170 21.8 .81 
Y~jk = tz + (HY)~ + (SAS)j + e~k -~ 
XS+ t 
where Yijk is the amount of milk or fat pro- 
duced for an individual test day sample m the 
i tu herd-year and the jth season-age-stage; tt is 
an unknown constant; (HY)~ is the effect of 
the i th herd-year; (SAS)j is the effect due to 
the jth season-age-stage where there are 6 
season-ages of freshening and 19 stages of 
lactation assigned by days in miIk for test day 
samples; e~k is the random effect associated 
with the k th cow in the jth season-age-stage 
and the i th herd-year of freshening; X is the 
design matrix of tz, HY, and SAS; and S is 
the solution vector for /~, HY, and SAS. 
The (HY)i and (SAS)j are fixed, and tijk 
contains the random components due to cow 
and error and has zero mean and known 
variance-covariance matrix V~2e. 
Numbers of complete lactations in each 
analysis are in Table 1. The three seasons of 
freshening were Season 1 January to April, 
Season 2 May to August, and Season 3 Sep- 
tember to December. 
Age groups were assigned within lactations 
as in Table 2. Two age groups were assigned 
for lactations 1 th:ough 3 and one age group 
for lactations 4 or greater. We attempted to 
TABLE 2. Age groups at freshening for each lac- 
tation number. 
Age Age at 
Lactation group freshening 
(mo) 
1 1 < 28 
2 > 28 
2 1 _< 41 
2 > 41 
3 1 _< 53 
2 > 53 
_> 4 All grouped in one age catego~ 
TABLE 3. Stages of lactation assigned by days in 
milk for test day samples along with intervals for 
each stage to find means for age-season of fresh- 
ening. 
Days Intervals 
Stage in milk in days ( di ) 
1 0 - 20 20 
2 21 - 25 5 
3 26 - 30 5 
4 31 - 35 5 
5 36 - 40 5 
6 41 - 45 5 
7 46 - 50 5 
8 51 - 60 10 
9 61 - 70 10 
10 71 - 90 20 
11 91 - 120 30 
12 121 - 150 30 
13 151 - 180 30 
14 181 - 210 30 
15 211 - 240 30 
16 241 - 270 30 
17 271 - 285 15 
18 286 - 295 10 
19 296 - 315 10 
stratify production since higher producing 
herds tend to calve earlier. 
A stage of lactation was assigned to each 
test day sample as in Table 3. Stages were as- 
signed at differing intervals to estimate more 
accurately the lactation curve which can be di- 
vided into three segments: 
1) The part from the day of freshening to 
the peak production is nonlinear and increases 
at a decreasing rate to the peak. 
2) The part from the peak to approximately 
270 days in milk is more nearly linear than the 
first grouping and, therefore, intervals can be 
larger. 
3) The part near the end of lactation is 
when production decreases at an increasing 
rate and, therefore, intervals can be smaller. 
Given three season groupings, two ages for 
each lactation, and 19 stages, the number of 
season-age-stages are 114 for lactations 1, 2, 
and 3, and 57 for lactations 4 and greater. 
Estimates of season-age-stage subgroup ef- 
fects were calculated by generalized least 
squares procedure as outlined by Searle (10) 
and Henderson (3). This method involved 
minimizing the following equations with re- 
spect to S where the variance-covariance mat- 
rix of e is V (e) ---- Vllr2e : (y  - -  XS) 'V~(y --  
XS). This leads to: S ---- (X'V-xX)-lX'V-Xy 
where (X'V-1X) is the coefficient matrix of S 
in the normal equations adjusted for correlated 
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errors. S is the solution vector for/~, herd-years, 
and season-age-stages. The variance-covariance 
matrix (V) is an estimate of the relationship 
between the production of a cow for particular 
stages in milk. 
The variance-covariance matrix was esti- 
mated from data in the analyses for the entire 
19 X 19 matrix by assigning each test day 
sample by the days in milk to a particular 
stage. Variance and eovariances for adjacent 
test day intervals were so similar that with 
rounding errors, prohibited an inverse. This 
problem was solved by a 19 X 19 inverse 
matrix with elements derived from a 10 X 10 
inverse matrix of test days rather than stages. 
This 10 >( 10 inverse was expanded to a 19 
X 19 inverse and analyzed. As an example, 
the covariance between stage I and stage 2 
was the same as the covariance between stage 
i and stage 3. Expansion of the 10 X 10 
inverse matrix of test days to a 19 X 19 in- 
verse of stages is in Table 4. Calculations were 
separate for individual actations to reduce the 
problem of bias from selection that would arise 
ff subsequent lactations on the same cow were 
included in the analysis. 





















1 2 3 4 5 6 7 8 9 10 11 12 3 14 
1, l(a ) 1, 2 
2,2 
1,3 1,4 1 ,51 ,6  1,7 
I- 
15 16 17 :18 19 
1, 8 1, 9 1, 10 
2,3 2,4 2,5 2,6 2,7 2,8 2,9 2,10 
3,3 3,4 3 ,53 ,6  3,7 3,8 3,9 3,10 
4,4 4,5 4,6 4,7 4 ,8  4,9 4,10 
5,5~5,6 5,7 5,8 5,9 5,10 
6 ,6  6,7 6,8 6,9 6,10 
7 ,77 ,8  7,9 7,10 
8, 8 8, 9 8, 10 
9, 9 9, 10 
(a)Inverse E lements of V. C.V. Matrix 
of Test  Day Data 
10, 10 
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First records on a cow generally are un- 
selected; i.e., most cows are allowed to com- 
plete an entire first lactation before being 
culled. Second records on the same cows, how- 
ever, are not free of bias from selection since 
only the better first lactation cows are allowed 
to remain in the herd and complete subsequent 
lactations. Therefore, when extension factors 
are from all lactations, additional statistical 
procedures are required to correct for this bias 
due to selection. 
Another problem, somewhat analogous to 
the first, is the problem of using the correct 
V -1 matrix in the analysis. If more than one 
lactation were included in the analysis, the 
V -1 matrix must be augmented with subsequent 
lactation season-age-stages; the problem then 
is inversion of a matrix that has dimensions 
(19n X 19n) where n is the number of lacta- 
tions in the analysis. The inverse for subse- 
quent records on the same cow also would in- 
elude eovariances between all stages of all 
lactations for any given cow. Therefore, if a 
cow had a first and a second lactation, the in- 
verse matrix would be of the order (38 X 88) 
whereas ff the cow had three records it would 
be of the order (57 X 57). By this method 
memory capacity of the computer is rapidly 
depleted because the differing number of in- 
verses that must be stored is large. 
Equations were collected for 114 season- 
age-stages absorbing herd-year equations as 
they were collected (3, 10). The absorption 
process in the generalized least squares proce- 
dure is more complicated sinee the design 
matrix must be multiplied by the inverse of the 
variance-covariance matrix. In this case, how- 
ever, each record which may consist of up to 
10 individual test day milk or fat weights is 
multiplied by the V -x matrix. Since any one 
record can have only one sample in any period, 
this is simpl~ed by summing the diagonal and 
off diagonal elements in the 19 X 19 inverse 
corresponding to the test day intervals. 
The process of absorbing herd-year equa- 
tions while collecting the equations facilitates 
calculation and requires storage of 115 equa- 
tions at any time (114 equations for season- 
age-stages and 1 herd-year equation). Herd- 
years have solutions, but computationally they 
are impossible to estimate. Solutions for sea- 
son-age-stage, however, are adjusted for herd- 
years. The number of herd-years absorbed for 
each lactation is in Table 5. 
Rank of the coefficient matrix (X'V-IX) is 
two less than its order since the season-age- 
stage (SAS) equations sum to the /~ equa- 
tion; and since herd-years have been absorbed, 







_> 4 8067 
the rank of the absorbed coefficient matrix is 
one less as unabsorbed herd-year equations 
sum to the season-age-stage equations. Thus, 
two constraints must be imposed to obtain 
solutions, one constraint being the /~ equa- 
tion and the other a LaGrange multiplier that 
forced the sum of the solutions to be zero. 
Accuracy of the solutions was tested by regen- 
erating right sides of the equations and observ- 
ing how different hese were from the actual 
right sides. All cheeks on the solutions were 
within 1/1000 of the actual right sides. 
To obtain multiplicative xtension factors a 
mean must be added to the SAS solutions. This 
mean was the weighted mean for both ages 
over all test days. This overall weighted mean, 
A 
/z, then was added to solution vectors (si). 
h 
(/x + s i) was then multiplied by the number 
of days (dr) in milk for a particular stage. In- 
tervals are in Table 3 along with the corre- 
sponding stage. 
A 
Appropriate means (/L) added to solutions 
to arrive at estimates are in Table 1. The aver- 
age yield for each season-age subgroup eaked 
during the eighth stage, the 50th to 60th day 
of lactation. Wadell and Everett (14) showed 
that for the Cornell herd, peak production oc- 
curred at approximately 55 days, which agrees 
with these results. 
The mean 305-day production from this pro- 
cedure for a given season-age of freshening is 
19 ^ 
di (/~ + si) = Pj. The six season-age 
i----1 
means (Pj's) for each lactation were used to 
calculate ratio factors. 
The extension factors are the ratio of the 
305-day mean for a given season-age of fresh- 
ening divided by the mean production for a 
particular length of time, n, in production: 
n A 
(E.F.)n =P j /  ~ dt ( /~+si ) .  
i=1 
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TABLE 6. Average production of milk for each lac- 
tation-age-season group. 
Ages nested Lactation 
in lactations 1 2 3 >_ 4 
Age 1 (kg) 
Season 1 5122 5818 6378 6290 
Season 2 5312 6016 6747 6839 
Season 3 5114 5852 6407 6408 
Age 2 
Season 1 5052 5811 6258 
Season 2 5199 5927 6586 
Season 3 5070 5785 6334 
Overall averages 5145 5868 6452 6512 
Results and Discussion 
Extension factors currently used developed 
by McDaniel et al. (5) are a combination of 
material collected from Iowa and Michigan 
Processing Centers. USDA factors are daily ex- 
tension factors for each of two age groups, less 
than 36 me of age and greater than or equal 
to 36 me of age. Age and breed are the only 
variables taken into account in deriving these 
factors. USDA factors differ from our factors 
since they do not account for season and age 
within lactation and were derived solely from 
midwest data that may not be representative 
of all geographical areas. 
Mean lactation production for each season- 
age (Pj) for milk is in Table 6. Table 6 shows 
highest average production for cows freshening 
in the second season (May to August). Pro- 
duction of cows calving in this season is con- 
sistently higher than other seasons for any age 
grouping. 
The Pj for kilograms of fat for particular 
age-season groups is in Table 7. Trends are the 
same for fat yield as for milk of Table 6, Val- 
VAN VLECK 
ues in parentheses in Table 7 refer to average 
fat percentage for age-season groupings. These 
were calculated by dividing P~ for fat by Pj 
for milk. These percentages indicate that the 
second season (May to August) has the lowest 
fat percentage for any lactation-age group. 
This coincides with the season that has the 
highest mean production. 
Extension factors for milk and fat are in Ta- 
ble 8 for first lactation records. Factors for 
other lactations for both milk and fat are in Ta- 
bles 9 to 11. There is a seasonal effect for 
early stages of lactation. In Table 8 there is a 
marked difference between the two ages in- 
cluded in the first lactation. Factors are higher 
than those reported by McDaniel et al. (5) 
which do not account for season of freshening, 
Factors become increasingly similar as stage 
of lactation increases. Once the peak period of 
production (stage 8, 50 to 60 days) has been 
reached, factors become much more uniform 
for seasons and for ages. If condensation of 
factors is desired, it would be best to combine 
those after the peak production. However, a 
small difference in an extension factor can 
make a difference of several hundred kilograms 
of milk in the extended record. Caution should 
be used in attempting to reduce the number 
of factors for computational ease. Daily factors 
have been calculated and are available upon 
request from the Animal Science Department 
at Cornell University. 
Extension factors for the second and greater 
lactations (Tables 9 to 11) also show great 
seasonal as well as age differences. Age effects 
seem to decrease as lactation umber increases. 
Seasonal differences al o are less for third and 
greater lactations. Major differences in first and 
second lactations are important since the ma- 
jority of records in progress that would be ex- 
tended are in the first two lactations. 













1 2 3 >_4 
kg (~) 
195 (3.8) 226 (3.9) 244 (3.8) 245 (3.9) 
198 (3.7) 226 (3.8) 245 (3.6) 247 (3.6) 
194 (3.8) 225 (3.8) 245 (3.8) 245 (3.8) 
193 (3.8) 225 (3.9) 246 (3.9) 
195 (3.7) 225 (3.8) 247 (3.8) 
192 (3.8) 223 (3.8) 246 (3.9) 
194 (3.8) 225 (3.8) 245 (3.8) 245 (3.8) 
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TABLE 8. Multiplieative xtension factors for yield of milk and fat by stages for the first lactation. 
Age < 28 mo Age > 28 mo 
Stage Season 1 Season 2 Season 3 Season 1 Season 2 Season 3 
Milk yield. 
1 15.374 16.474 15.594 16.867 14.896 15.203 
2 12.064 12.756 12.266 12.977 11.690 11.914 
3 9.836 10.362 10.038 10.508 9.579 9.725 
4 8.249 8.658 8.442 8.691 8.050 8.164 
5 7.089 7.427 7.259 7.418 6.941 7.032 
6 6.216 6.495 6.373 6.477 6.091 6.176 
7 5.527 5.775 5.676 5.728 5.433 5.505 
8 4.489 4.699 4.642 4.588 4.451 4.502 
9 3.791 3.981 3.930 3.847 3.786 3.817 
10 2.899 3.060 3.022 2.899 2.932 2.944 
11 2.166 2.298 2.263 2.148 2.222 2.214 
12 1.747 1.856 1.825 1.730 1.808 1.792 
13 1.482 1.565 1.537 1.467 1,534 1.517 
14 1.301 1.359 1.334 1.288 1.340 1.322 
15 1.168 1.206 1.185 1.158 1.196 1.179 
16 1.071 1.090 1.076 1.064 1.086 1.1773 
17 1.036 1.048 1.039 1.032 1.046 1.036 
18 1.018 1.023 1.019 1.016 1.022 1.017 
19 .998 .998 .999 .997 .999 .998 
Fat yield 
1 15.498 15.476 15.520 17.119 16.539 15.918 
2 11.979 12.202 12.095 12.905 12.609 12.246 
3 9.761 10.134 9.885 10.637 10.270 9.917 
4 8.190 8.583 8.292 8.820 8.558 8.249 
5 7.063 7.445 7.136 7.592 7.353 7.082 
6 6.223 6.591 6.290 6.713 6.455 6.229 
7 5.569 5.922 5.635 6.046 5.781 5.589 
8 4.518 4.843 4.636 4.759 4.722 4.583 
9 3.841 4.138 3.943 4.008 4.019 3.888 
10 2.946 3.187 3.054 3.009 3.102 3.012 
11 2.212 2.390 2.298 2.223 2.334 2.267 
12 1.789 1.922 1.856 1.787 1.885 1.833 
13 1.518 1.612 1.561 1.511 1.587 1.547 
14 1.329 1.390 1.352 1.319 1.375 1.343 
15 1.187 1.224 1.197 1.177 1.216 1.193 
16 1.079 1.098 1.082 1.070 1.095 1.079 
17 1.041 1.052 1.042 1.035 1.049 1.039 
18 1.021 1.026 1,021 1.019 1.024 1.019 
19 .998 .999 .999 .997 .998 .998 
Factors for milk that have been developed 
from New York data show that USDA factors 
have been underestimating extended lactation 
~ roduction. Seasonal differences in New York actors show that this source of variation 
should be taken into account for extending 
records in progress. Differences due to age, es- 
pecially in first lactation, show that cows that 
freshen early have been sharply penalized ff 
their records have been extended by USDA 
factors. 
Table 8 also lists extension factors for fat for 
first lactation. Factors for fat are much more 
uniform over seasons and ages than those for 
milk as expected since fat production is not as 
variable as milk. Factors for lactation 1 are 
similar for all age-season subgroups. 
Factors for fat and milk are not similar; 
there is a definite need for different factors for 
extending milk and fat records. USDA factors 
differ for milk and fat; USDA factors for fat 
are consistently ower for stage than the ones 
in Tables 9 to 11. 
Another difference between these factors 
and USDA factors is that the new factors have 
been adjusted for the particular herd and year 
JOURNAL OF DAIRY SCIENCE VOL, 56, NO. 8 
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TABLE 9. Multiplicative xtension factors for yield of milk and fat by stages for the second lactation. 
Age < 41 mo Age > 41 mo 
Stage Season 1 Season 2 Season 3 Season 1 Season 2 Season 3 
Milk yield 
1 15.179 18.093 14.959 15.590 17.916 15.233 
2 11.769 13.607 11,621 12.499 13.383 11.808 
3 9.589 10.882 9.462 10.376 10.684 9.602 
4 7.995 8.895 7.926 8.652 8.715 7,995 
5 6.830 7.521 6,807 7.390 7.359 6.855 
6 5,967 6.514 5.969 6.487 6.375 6.011 
7 5.292 5,752 5.311 5.765 5.632 5.339 
8 4.256 4.600 4.315 4.550 4.492 4.316 
9 3.579 3.855 3.651 3.784 3.767 3.645 
10 2.716 2,917 2.804 2.812 2.857 2.790 
11 2.028 2.174 2.111 2.066 2.135 2.095 
12 1.644 1.757 1.715 1.660 1.731 1.703 
13 1.404 1.490 1.457 1.410 1.471 1.449 
14 1.242 1,303 1.277 1.2A2 1.291 1.272 
15 1.126 1.167 1.146 1.124 1.159 1.143 
16 1.046 1.067 1.055 1.042 1.063 1.052 
17 1.023 1.034 1.027 1.022 1.031 1.025 
18 1.011 1.016 1.013 1.009 1.015 1,012 
19 .997 .997 .998 .997 .997 .998 
Fat yield 
1 15.305 17.652 14.870 15.378 17.592 15.964 
2 11.554 13.480 11.417 12.287 13.379 12.098 
3 9.508 11.060 9.319 10.760 10.942 9.823 
4 7.978 9.174 7.816 9.647 9.000 8.141 
5 6.867 7.852 6.747 7.827 7.688 6,982 
6 6.052 6.902 5,958 7.010 6.741 6.162 
7 5,411 6,173 5.348 6.342 6.040 5.517 
8 4.341 4.924 4.365 4.907 4.819 4.458 
9 3.689 4.151 3.716 4.096 4.058 3.781 
10 2.805 3.126 2.868 3.011 3.069 2.897 
11 2.103 2.308 2.164 2.191 2.271 2.172 
12 1.706 1.847 1.757 1.749 1.823 1.758 
13 1.453 1.550 1.489 1.474 1.534 1.489 
14 1.279 1.343 1.300 1.286 1.333 1.300 
15 1.151 1.191 1.163 1.151 1.185 1.162 
16 1.059 1.079 1,064 1.054 1.077 1.062 
17 1,031 1.042 1.032 1.027 1.039 1.031 
18 1.016 1.020 1.016 1.016 1.019 1.015 
19 .997 .997 .998 .997 .997 .998 
in which the cow freshened. Miller (8) re- 
ported that the herd-year of freshening is im- 
portant and does influence production. 
Graphing the estimates of daily production 
leads to important conclusions that otherwise 
might not be readily apparent. An example 
of the graphs is in Fig. 1. The graph can be di- 
vided into three parts. Part 1 shows how pro- 
duction increases at a decreasing rate up to 
peak production between 50 and 60 days in 
milk. This part of the curve is nonlinear, and 
an exact function to describe this part of the 
curve would be difficaflt to formulate. Part 2 
JOURNAL OF DAIRY SCIENCE VOL, 56, No. 8 
shows how production decreases once the peak 
has been reached. This section of the curve 
from the peak to 270 days in milk is linear 
and is decreasing at a nearly constant amount 
from stage to stage. This portion of the curvo  
is uniform and would be easy to approximate 
by a function. Part 3 from 270 days in milk 
shows how the slope of the curve is decreas- 
ing at an increasing rate. One reason for the 
rapid decrease may be the effect the develop- 
ing fetus is exerting on production. Schaeffer 
and Henderson (9) reported that farmers in 
the Northeast breed their cows back an aver- 
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T.~r~ 10. Multiplicative xtension factors for yield of milk and fat by stages for the third lactation. 
Age < 53 mo Age > 53 mo 
Stage Season 1 Season 2 Season 3 Season 1 Season 2 Season 3 
Milk yield 
1 18.530 16.593 16.683 16.684 18.548 15.182 
9. 14.058 13.257 12.814 12.868 13.981 11.788 
3 11.313 11.098 10.366 10.403 11.150 9.567 
4 9.283 9.230 8.606 8.594 9.056 7.996 
5 7.851 7.834 7.345 7.300 7.616 6.847 
6 6.798 6.835 6.395 6.348 6.572 5.995 
7 5.967 6.073 5.654 5.597 5.793 5.322 
8 4.675 4.814 4.514 4.440 4.595 4.298 
9 3.873 4.000 3.788 3.696 3.827 3.627 
10 2.858 2.984 2.859 2.759 2.874 2.769 
11 2.086 2.191 2.125 2.032 2.131 2.078 
12 1.668 1.758 1.715 1.637 1.723 1.689 
13 1.412 1.485 1.452 1.393 1.464 1.438 
14 1.242 1.297 1.270 1.231 1.285 1.263 
15 1.123 1.161 1.140 1.117 1.156 1.138 
16 1.042 1.062 1.050 1.041 1.061 1.050 
17 1.020 1.031 1.024 1.019 1.030 1.024 
18 1.009 1.015 1.011 1.009 1.014 1.011 
19 .996 .997 .997 .997 .996 .998 
Fat yield 
1 17.142 19.716 21.948 16.045 18.313 14.300 
2 12.992 14.643 17.122 12.293 13.984 11.058 
3 10.533 11.898 14.580 10.082 11.396 9.050 
4 8.726 9.725 11.848 8.359 9.312 7.583 
5 7.450 8.275 9.909 7.151 7.891 6.543 
6 6.534 7.225 8.621 6.297 6.878 5.779 
7 5.805 6.357 7.668 5.597 6.131 5.183 
8 4.637 4.926 5.819 4.458 4.856 4.233 
9 3.907 4.099 4.747 3.746 4.060 3.605 
10 2.951 3.002 3.403 2.821 3.041 2.787 
11 2.191 2.183 2.410 2.095 2.242 2.110 
12 1.764 1.741 1.888 1.693 1.798 1.720 
13 1.488 1.467 1.566 1.440 1.516 1.464 
14 1.296 1.282 1.347 1.267 1.320 1.284 
15 1.158 1.149 1.190 1.143 1.178 1.153 
16 1.059 1.055 1.075 1.055 1.073 1.059 
17 1.029 1.028 1.038 1.027 1.037 1.029 
18 1.014 1.013 1.018 1.013 1.018 1.015 
19 .997 .996 .996 .997 .997 .998 
age of 100 days after freshening. A fetus 
exerts an effect on milk production approxi- 
mately 22 wk after conception. Thus, the fetus 
influences production on the average at about 
254 days (100 q- [22 X 7]). Therefore, 
the decrease in production at the 240 to 270 
day interval in Fig. 1 may be due, at least in 
part, to the development of the fetus. 
From curves for different seasons and differ- 
ent ages, cows that ca/ve earlier do not peak 
as high as those that calve at an older age for 
the same season grouping although younger 
cows decrease in production at a slower rate 
than older cows. 
Cows that calve in season 1 have a higher 
peak production than those that calve in other 
seasons while cows that calve in season 3 have 
the lowest peak production. 
Trends in the graph for milk yield a/so ap- 
ply to fat yield. 
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